Plant growth inhibitory polyacetylenes have been isolated from the insect galls on flower buds of Hedera rhombea Bean (Araliaceae) formed by the ivy flower bud gall midge, Asphondylia sp. (Cecidomyiidae), and their structures elucidated by spectroscopic and chemical means. The EC 50 values for roots/hypocotyls growth of cress (Lepidium sativum L.) seedlings were 7.0×10 -5 /8.0×10 -5 M for (Z)-8-acetoxy-1,2-epoxy-3-oxoheptadeca-9-ene-4,6-diyne, 9.5×10 -5 /9.0×10 -5 M for (Z)-8-acetoxy-3-oxoheptadeca-1,9-diene-4,6-diyne, 2.5×10 -5 /5.5×10 -6 M for (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-ene-4,6-diyne, and 7.5×10 -5 /2.0×10 -6 M for falcarindiol, respectively. On the other hand, 8-acetoxyfalcarinol exhibited lower inhibition on roots and hypocotyls growth. Among these compounds, (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-ene-4,6-diyne exhibited the strongest inhibitiory effect on root growth of cress seedlings, whereas against hypocotyl growth of cress seedlings, falcarindiol showed the strongest inhibition.
Galls are excrescences of any form produced on any part of a plant by a wide range of organisms including insects, bacteria, and viruses. The plantgrowth promoting steroids, brassinolides, have been isolated from chestnut insect galls [1, 2] and the chemical composition of several insect galls of medicinal plants have been investigated [3, 4] . However, relatively little work has been done on insect-induced galls.
Therefore, the study of constituents of insect galls may lead to new bioactive compounds.
In our search for new bioactive substances from galls, we examined constituents from galls of Hedera rhombea Bean. H. rhombea Bean is an evergreen viny plant of the family Araliaceae, which is widely distributed in Japan, Korea, and China. It produces galls on its flower buds due to assault by the gall fly, Asphondylia sp., of the family Cecidomyiidae. Several saponins and steroids were isolated from the leaves, stems, and bark of H. rhombea Bean [5, 6] and polyacetylenes were isolated from the leaves of the English ivy, Hedera helix L. [7] . However, the constituents of galls of H. rhombea have not yet been reported. In this paper, we report the isolation and identification of growth inhibitory polyacetylenes from the gall extracts of H. rhombea and their biological activities on the growth of cress seedlings.
Galls of H. rhombea Bean were homogenized by blender, and extracted with MeOH. The MeOH extracts were partitioned between EtOAc and H 2 O. The EtOAc-soluble portion was separated by silica gel column chromatography, ODS column chromatography, ODS-HPLC, and preparative silica gel TLC to afford five polyacetylenes, (Z)-8-acetoxy-1,2-epoxy-3-oxoheptadeca-9-ene-4,6-diyne (1), (Z)-8-acetoxy-3-oxoheptadeca-1,9-diene-4,6-diyne (2), (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-ene-4,6 -diyne (3), falcarindiol (4), and 8-acetoxyfalcarinol (5). Although compounds 1 -5 were obtained as colorless oils, they gradually became yellow on standing at room temperature. Compound 1 is a new polyacetylene containing a unique partial structure, a terminal epoxide. Polyacetylenes 2 and 3 were new as natural products, although they had been already prepared from 5 [8, 9] . In this paper, the absolute configurations of 2 and 3 were established for the first time and their NMR data described. Compounds 4 and 5 are known polyacetylenes commonly found in families of higher plants, such as Araliaceae and Umbelliferae [10, 11] and identified by comparison of their spectroscopic data with literature values. The UV absorptions (256, 271 , and 287 nm) were in good agreement with published data of diacetylenes, suggesting the presence of a conjugated diyne [12] . The 13 C NMR data (Table 1 ) aided by the HMQC spectrum of 1 exhibited the signals due to a ketone at δ C 183.0 (C-3), an acetoxy at δ C 169.3 and 20.8, two olefinic carbons at δ C 137.5 (C-10) and 122.6 (C-9), four acetylene quaternary carbons at δ C 84.6 (C-7), 78.2 (C-5), 76.7 (C-4), and 68.0 (C-6), an acetoxy-bearing carbon at δ C 59.8 (C-8), lower-field shifted methylene at δ C 54.1 (C-2) and methine at δ C 46.7 (C-1), six methylene at δ C 31.7, 29.1, 29.0 (×2), 27.9, 22.6 (C-11~C-16), and a methyl at δ C 14.0 (C-17). The 1 H NMR spectrum (Table 2) showed signals for a proton attached to an acetoxybearing carbon at δ H 6.16 (H-8), olefinic protons at δ H 5.73 (H-10) and 5.48 (H-9), three oxygen-bearing protons at δ H 3.54 (H-2), 3.11 (H-1a), and 3.07 (H1b), an acetoxy group at δ H 2.10, besides a methylene sequence [δ H 2.14 (H-11), 1.38 (H-12), 1.28 (H-13~16)], and a methyl group at δ H 0.88 (H-17). The Z-geometry of the double bond (C-9, 10) was deduced on the basis of the 1 H-1 H coupling 2.14 q (7.6) 2.15 q (7.5) 2.14 q (7.5) 12
1.38 brt (7.6) 1.39 brt (7.5) 1.37 brt (7. carbonyl peak (1627 cm -1 ) in the IR spectrum [9] . An HMBC correlation of H-8 to OAc (δ C 169.3) revealed the location of the acetoxy group at C-8. On the other hand, HMBC correlations of H-8 to C-5, C-6, C-7 and H-9 to C-7 confirmed that the acetoxybearing carbon (C-8) was connected to an acetylenic carbon. In addition, the partial structures of C-1 -C-3 and C-6 -C-12 could be deduced from consideration of the 1 H-1 H COSY, HMQC, and HMBC spectra of 1. Consequently, compound 1 was determined to be (Z)-8-acetoxy-1,2-epoxy-3-oxoheptadeca-9-ene-4,6-diyne.
The molecular formula of 2 was assigned as C 19 Tables 1 and 2 ) of 2 were partially similar to those of 8-acetoxyfalcarinol [15] . However, the signal of an oxymethine was not observed in 2, while the signal of a higher-field shifted ketone (δ C 177.3, C-3) was typically observed. The 13 C NMR spectrum of 2 showed 17 carbon signals including four quaternary carbon signals (δ C 84.0, 75.6, 74.6, and 68.3). Additionally, the 13 C NMR spectrum showed the signal of a ketone carbonyl carbon (C-3), which was shielded (δ C 177.3) being directly attached to triple bonds [14] . The 1 H NMR spectrum of 2 showed the signals for a terminal olefin, whose chemical shifts (δ H 6.56, 6.41, and 6.24) were at a rather lower field in comparison with those of typical olefin signals, suggesting that this terminal olefin was conjugated to a carbonyl group. On the basis of these spectroscopic data, the structure of 2 was assigned as (Z)-8-acetoxy-3-oxoheptadeca-1,9-diene-4,6-diyne. (Table 1) , signals due to an unsaturated ketone at δ C 184.2 (C-3), an oxygenbearing carbon at δ C 66.8 (C-1), an adjacent methylene at δ C 45.4 (C-2), and four acetylenic quaternary carbons at δ C 84.0 (C-7), 75.5 (C-5), 74.5 (C-4), and 68.2 (C-6) were observed. The ¹H NMR spectrum (Table 2) showed characteristic signals for an oxymethylene at δ H 3.71 (H-1) and a methoxy at δ H 3.34. An HMBC correlation of methoxy protons (δ H 3.34) to C-1 (δ C 66.8) revealed the location of the methoxy group at C-1. Furthermore, an HMBC correlation between H-2 and C-3 (δ C 184.2) revealed that the ketone carbonyl carbon (C-3) was connected to C-2. On the basis of this spectroscopic evidence, the structure of 3 was elucidated to be (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-ene-4,6-diyne.
The structure of 1 was further confirmed by the synthesis of 1 from 2 as follows. Compound 2 was epoxidized by 3% H 2 O 2 in acetone containing 1% Na 2 CO 3 to afford compound 1 (75%) [16] . The 1 H NMR data of the synthetic product 1 were identical with those of natural compound 1.
To confirm the chemical structure and establish the absolute stereochemistry at C-8, 2 and 3, were prepared from 8-acetoxyfalcarinol (5). To begin with, the absolute configuration of falcarindiol (4) was determined by the modified Mosher's method [17] as follows. Compound 4 was treated with (R)-and (S)-α-methoxy-α-trifluoromethyl-phenylacetyl chloride (MTPA-Cl) in the presence of 4-dimethylaminopyridine (DMAP) and triethylamine to gave the di-(S)-and di-(R)-MTPA esters (4a and 4b), respectively. In the 1 H NMR spectrum of the di-(S)-MTPA ester (4a), proton signals assigned to H-1 and H-2 were observed at lower field than those of the di-(R)-MTPA ester, while signals due to H-9, H-10, and H-11 in the former ester (4a) were shifted to a higher field than those in the latter ester (4b) [18] . Therefore, the absolute configurations at C-3 and C-8 were concluded to be 3R and 8S (Figure 1 ). 22 D +21°). Thus, the absolute configuration of 5 was assigned as 3R, 8S [11] . Oxidation of 5 with active MnO 2 gave 2 (90%) [9] . The optical rotation and 1 H NMR data of the synthetic product 2 matched those of the natural product 2.
Hence the absolute configuration of 2 was concluded to be 8S. Treatment of 2 with MeOH in the presence of 5% H 2 SO 4 gave 3 (90%), whose optical rotation and 1 H NMR spectrum were identical to those of natural product, indicating that the absolute stereostructure of 3 should be 8S (Scheme 1).
Since it had been shown that falcarindiol (4), which is structurally related to the isolated polyacetylenes (1 -3), had potent plant-growth inhibitory activity [19] , the effect of the five isolated polyacetylenes on root and hypocotyl growth of cress seedlings was examined (Figure 2) . They showed inhibitory effects on both root and shoot growth of cress in a dosedependent manner. The EC 50 values (concentration required for 50% inhibition of control) for root growth were 7.0×10 -5 M for 1, 9.5×10 -5 M for 2 , 2.5×10 -5 M for 3, and 7.5×10 -5 M for 4 whereas for the inhibitory effect on hypocotyl growth, the EC 50 values were 8.0×10
-5 M for 1, 9.0×10 -5 M for 2, 5.5×10 -6 M for 3, and 2.0×10 -6 M for 4. On the other hand, 5 exhibited much lower inhibition on root and hypocotyl growth. Among these compounds, (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-ene-4,6-diyne (3) exhibited the strongest inhibitiory effect on root growth of cress seedlings, whereas against hypocotyl growth of cress seedlings, falcarindiol (4) showed the strongest inhibition. Plant material: Galls of Hedera rhombea induced by infection of Asphondylia sp. were collected at Tsuchiura city, Japan. A voucher specimen has been deposited at the Graduate School of Life and Environmental Sciences, University of Tsukuba, Japan. (1) (2) (3) (4) (5) : Galls of H. rhombea (110 g) were homogenized by blender, extracted with MeOH (420 mL) and concentrated in vacuo. The MeOH extract (9.37 g) was then partitioned between EtOAc (500 mL × 3) and H 2 O (500 mL). The EtOAc-soluble portion (1.24 g) was subjected to silica gel column chromatography (2. UV λ max (MeOH) nm (log ε): 256 (3.6), 271 (3.7), 287 (3.6). 1 H NMR: Table 2 . 13 C NMR: Table1. 4 , filtered, and concentrated. The residue was purified by silica gel TLC (nhexane/EtOAc, 4:1) to give (Z)-8-acetoxy-1,2-epoxy-3-oxoheptadeca-9-ene-4,6-diyne (1, 0.3 mg, 75 %).
Isolation of compounds

Oxidation of 5:
Active MnO 2 (7.5 mg, 20eq.) was added to a solution of 8-acetoxyfalcarinol (5, 1.0 mg) in anhydrous CH 2 Cl 2 (0.5 mL) and the mixture was stirred at room temperature for 20 min. The reaction mixture was filtered through Celite and the residue was washed with CHCl 3 (5 mL). The filtrate was evaporated to dryness in vacuo to give (Z)-8-acetoxy-3-oxoheptadeca-1,9-diene-4,6-diyne (2, 0.9 mg, 90%).
Conversion of 2 to 3:
A mixture of 2 (0.5 mg) and 5%H 2 SO 4 -MeOH (0.2 mL) was stirred at room temperature for 22 h after which 5%NaHCO 3 aq. (10 μL) was added and the reaction mixture was partitioned between EtOAc (1 mL) and H 2 O (1 mL). The organic layer was concentrated to leave a crude oil, which was purified by silica gel TLC (nhexane/EtOAc, 2:1) to give (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-ene-4,6-diyne (3, 0.5 mg, 90%).
Bioassay: Test samples dissolved in EtOAc (50 μL) were added to a sheet of filter paper (No. 1; Toyo Ltd.) in a 2.8-cm Petri dish and dried. Then, the filter paper in the Petri dishes was moistened with 0.5 mL of 0.01% (v/v) aqueous solution of Triton X-100, and 10 seeds of cress (Lepidium sativum L.) were arranged on the filter paper and grown in the darkness at 25 ˚C. Control seedlings were treated with solution that contained only Triton X-100. The length of the roots and hypocotyls of the cress seedlings was measured after 40 h and the percentage elongation of the roots was determined by reference to the elongation of control roots and hypocotyls.
